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A bstract. Thetransversem assspectraofK 0
S
,, and 
 particlesproduced in Pb{
Pb collisionsat40 A G eV/c have been studied fora sam ple ofeventscorresponding
to the m ost central 53% of the inelastic Pb{Pb cross-section. W e analyze the
distributionsin the fram ework ofa param eterized m odelinspired by hydrodynam ics.
The dependence ofthe freeze-outparam eterson particle speciesand eventcentrality
isdiscussed and com parisonswith resultsathigherenergy areshown.
PACS num bers:12.38.M h,25.75.Nq,25.75.Ld,25.75.Dw
1. Introduction
Ultra-relativisticcollisionsbetween heavyionsareused tostudythepropertiesofnuclear
m atterathighenergydensity.In particular,latticeQuantum Chrom o-Dynam ics(QCD)
calculations predict a state ofm atter ofdeconned quarks and gluons (quark-gluon
plasm a,QGP)atan energy density exceeding  0.6 GeV/fm 3 [1].Forrecentreviewsof
experim entalresultsand theoreticaldevelopm entsseereferences[2].
Strange particle production hasproved to be a powerfultoolto study the system
form ed in heavy ion collisions [3]. Ifa QGP state isform ed,an increased production
ofs and s quarks with respect to norm alhadronic interactions is expected [4]. The
abundance ofs and s quarks would equilibrate in a few fm /c,com parable with the
plasm a lifetim e. The result,afterstatisticalhadronization,would be an enhancem ent
of the strange and m ulti-strange particle abundance in nucleus{nucleus interactions
with respect to nucleon-nucleon interactions;the enhancem ent was also predicted to
increase with the num berofvalence strange quarks[4]. W e have reported recently [5]
results conrm ing the W A97 nding [6]that strange particle production in Pb{Pb
collisions at 158 A GeV/c is enhanced, with the predicted hierarchy as expected in
a QGP scenario. The eectam ountsto abouta factor20 enhancem entforthe triply-
strange 
. Prelim inary results at 40 A GeV/c [7]indicate a sim ilar pattern ofthe
strangeness enhancem ent to thatobserved athigher energy. Enhancem ent ofstrange
m eson and baryon production in Pb{Pb collisionshasalso been reported by theNA49
Collaboration [8,9,10].
Ratiosofparticleabundancesareratherwelldescribed by therm alm odels[11];this
isinterpreted asstrong evidence oflocaltherm alization ofthe nuclear m atterform ed
in the collision on a tim e scale shorterthan the lifetim e ofthe reball. Localtherm al
equilibrium is a prerequisite to allow the description ofthe evolution ofthe system
using idealuid dynam ics,provided thatthem ean freepath ofthereballconstituents
isshortenough.Hydro-dynam icsorparam eterized m odelsinspired by hydro-dynam ics
have shown to give a successfuldescription ofa num berofobservables,i.e. transverse
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m om entum (pT)and rapidity (y)distributions,directand ellipticow,and two-particle
correlation functions(forrecentreviewssee,e.g.,references[12]).
Collectivedynam icsin thetransversedirection isofm ajorinterestsinceitcan only
ariseby thebuildup ofa pressuregradientwhich,in turn,would bestrongly suggestive
oftherm alequilibration ofthesystem form ed in thecollision.
TheshapesofthepT spectraareexpected tobedeterm ined by an interplay between
twoeects:thetherm alm otionoftheparticlesinthereballandapressure-driven radial
ow,induced by the reballexpansion. To disentangle the two contributions we rely
on the blast-wave m odel[13],which assum es cylindricalsym m etry for an expanding
reball in local therm al equilibrium , under dierent hypotheses on the transverse
ow prole. The analysis of transverse expansion in Pb{Pb at 158 A GeV/c was





  hyperons,theiranti-particlesand K 0S m easured
in Pb{Pb collisionsat40 A GeV/c.
2. T he N A 57 set-up
The ,    , 
  hyperons, their anti-particles and the K 0S m esons are identied by
reconstructing theirweak decaysinto nalstatescontaining only charged particles:
K 0S ! 
+ +    ! p+   
  ! +    
  ! + K  
! p+   ! p+  
(1)
andthecorrespondingchargeconjugatesforanti-hyperons.Thechargedtracksem erging
from strange particle decays were reconstructed in a telescope m ade ofan array of
silicon detector planes of5x5 cm 2 cross-section placed in an approxim ately uniform
m agnetic eld of1.4 Tesla perpendicular to the beam line;the bulk ofthe detectors
was closely packed in an approxim ately 30 cm long com pact part used for pattern
recognition.DescriptionsoftheNA57 apparatuscan befound in references[5,14,15].
There,however,em phasisisplaced on the158 A GeV/cbeam m om entum set-up.The
experim entalset-up forPb-Pb collisionsat40A GeV/cisconceptually sim ilar:theonly
dierencesarein thetelescopeinclination and detectorpositionswhich havebeen chosen
in orderto optim izeatthelowerenergy theacceptanceand reconstruction eciency of
strangeparticlesproduced atm id-rapidity.A sketch ofthesilicon telescopeasinstalled
on the NA57 opticalbench isshown in gure 1. An inclination angle of72 m rad with
respect to the beam line and a distance ofthe rstpixelplane from the targetequal
to 40 cm weresetin orderto acceptparticlesproduced in abouthalfa unitofrapidity
around centralrapidity atm edium transversem om entum .
An array ofscintillation counters(Petals),placed 7.9cm downstream ofthetarget,
provided a fastsignalto triggeron the centrality ofthe collisions. The Petalscovered
thepseudo-rapidityregion 0:8<  < 1:8and theirthresholdscould besetsoastoaccept
eventswith track m ultiplicitiesabove an adjustable lim it. Thiswastuned so thatthe
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Figure 1. Sketch (notto scale)ofthe NA57 apparatusplaced inside the 1.4 T eld
ofthe G O LIATH m agnetin the 40 A G eV/cset-up.Alldistancesaregiven in m m .
triggered eventsam plecorrespondstoapproxim atelythem ostcentral56% ofthePb{Pb
inelasticcross-section.ThethicknessofthePb targetwas1% ofan interaction length.
The centrality ofthe Pb-Pb collisions is determ ined (o-line) by analyzing the
charged particle m ultiplicity m easured by two stationsofm icro-strip silicon detectors
(M SD)which sam plethepseudo-rapidity intervals1:9<  < 3 and 2:4<  < 3:6.
3. D ata sam ple and analysis
The results presented in this paper are based on the analysis ofthe fulldata sam ple
collected in Pb{Pb collisionsat40 A GeV/c,consisting of240 M events. The selected
sam ple used for the analysis corresponds to the m ost central 53% of the inelastic
Pb{Pb cross-section. The data sam ple has been divided into ve centrality classes
(0,1,2,3 and 4,class 4 being the m ost central) according to the value ofthe charged
particlem ultiplicity m easured by theM SD.Theprocedureforthem easurem entofthe
m ultiplicity distribution and thedeterm ination ofthecollision centrality foreach classis
described in reference[16].Thefractionsoftheinelasticcross-section fortheveclasses,
calculated assum ingan inelasticPb{Pb cross-section of7.26barn,arethesam easthose
dened athigherbeam m om entum (158 A GeV/c)and they aregiven in table1.
The strange particle signalsare extracted with the sam e procedure used at158 A
GeV/c [5,14]by applying sim ilargeom etric and kinem atic constraints. The invariant
m assspectra of  + ,p, and K com binationsafterallanalysiscutsareshown in
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Table 1.Centrality rangesforthe veclasses.
Class 0 1 2 3 4
=inel (% ) 40 to 53 23 to 40 11 to 23 4.5 to 11 0 to 4.5
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Figure 2. Sam ple invariant m ass spectra for +   ,p, and K . The arrows
show the PDG m assvalues[17].
hyperon m asspeaksatthenom inalPDG values[17]and FW HM sofabout15 M eV/c2.
The K 0S invariantm asspeak hasa FW HM of25 M eV/c
2 and itsm axim um isshifted
down by 4 M eV/c2 with respectto the nom inalvalue. Thiseecthasbeen accounted
forin thecalculation ofthecorrectionsforacceptanceand reconstruction ineciencies.
Theselected particleshavebeen chosen in theinvariantm assintervalscorresponding to
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theshaded areasofgure2.
The am ount ofresidualcom binatorialbackground has been evaluated using the
event-m ixing technique[14,18].Asan exam ple,gure3showsthe+   invariantm ass
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Figure 3. The +   invariantm assdistribution fora sm allsam ple ofeventsbefore
analysis cuts (left) and for the totalsam ple after analysis cuts (right). The shaded
histogram sshow the com binatorialbackground evaluated by eventm ixing.







particles,ithasbeen estim ated to be1% ,0.8% and 2% forK 0S, and ,respectively.
Theacceptanceregionsin thetransversem om entum (pT)versusrapidity (y)plane
areshown in gure4.Thelim itsofthesewindowshavebeen dened in ordertoexclude
from the nalsam ple the strange particles whose lines ofight are very close to the
bordersofthetelescope,wherethesystem atic errorsarem oredicultto evaluate.
Each reconstructed particle is assigned a weight to correct for acceptance and
reconstruction ineciencies. The com putationalalgorithm ofthe event weight is the
sam e used athigherenergy [5,14]: a num berofM onte Carlo eventsare generated |
each event consisting ofone sim ulated particle,with the pT and y ofthe realparticle
and random azim uthaland internaldecay angles,m erged with a realevent ofsim ilar
telescope hitm ultiplicity asthe originalevent| and they are reconstructed with the
sam e analysis tools as for realevents; the nalweight is the ratio ofthe num ber of
generated particlesto the num berofthose reconstructed and retained by theselection
criteria.Thisindividualcorrection procedurehasbeen applied to allthereconstructed

,and particles.Forthem uch m oreabundantK 0S and candidates,theindividual
weightshave been com puted fora subsam ple only.These am ountto 1/20 and 1/15 of
thetotalsam ple,respectively,and they havebeen extracted uniform ly overthefulldata
taking period.Thestatisticsofparticlescollected and individually corrected isgiven in
table2.










































































Figure 4. The pT{y acceptance windows. Dashed lines show the position ofm id-
rapidity (ycm = 2:225).
Table 2.Statisticsofthe collected and weighted particles.







total 97000 82500 2100 439 39 28
weighted
total
1/20 1/15 1 1 1 1
The correction procedure has been extensively checked by com paring real and
M onteCarlodistributionsforseveralparam eters| in particularthoseused forparticle
selection, such as the distance of closest approach in space between the two decay
particles,the position ofthe decay vertices,the im pact param eters ofthe particlesz,
etc.| fordierentdata taking periodsand m agneticeld orientations(up and down).





z The im pactparam eterisapproxim ated asthe distance from the prim ary vertex ofthe intersection
ofthem easured particletrajectory with a planetransverseto thebeam linepassing through thetarget
position.
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the selection criteria have also been varied,eitherby changing theirlim iting valuesor
by excluding them one at a tim e. As a result ofthese studies we can estim ate the






 and 8% forallotherparticles.
The experim ental procedure for the determ ination of the m T distribution is
described in detailin reference [14],where the results at158 A GeV/c are discussed.
















Thisassum ption hasbeen veried by considering them T (y)distributionsfordierent
slicesin rapidity (transversem ass).
The shape ofthe rapidity distribution,i.e. f(y)in equation 2,hasbeen found to
bewelldescribed within ourlim ited acceptanceby aconstantforallparticlesexceptfor
K 0S and ,wherea Gaussian providesa betterdescription.W ehavereported a sim ilar
nding in Pb{Pb collisionsat158 A GeV/cbeam m om entum [19].
Thehypotheseson thefactorization ofthedoubledierentialinvariantcross-section
(equation 2) and on the shape of the rapidity distributions (f(y)) can introduce a




(m T)distributionswhich hasbeen estim ated
notto exceed 5% .
An additionalsource ofsystem atic errors com es from the residualcom binatorial
background,which can have a dierentm T distribution than the signal. Thiserroris





4. Exponentialts ofthe transverse m ass spectra
Theinverseslopeparam eterTapp (\apparenttem perature")hasbeen extracted bym eans

















The apparenttem perature isinterpreted asdue to the therm alm otion coupled with a
collectivetransverseow ofthereballcom ponents[13].Thedierentialinvariantcross-
section distributionsareshown in gure5 asa function ofm T forthem ostcentral53%
ofthe inelastic Pb{Pb cross-section with the likelihood tresultssuperim posed. The
valuesoftheinverse slopeparam etersTapp aregiven in table3.Thequoted system atic
errorsareobtained by propagating thepartialcontributionsdueto i)theselection and
correctionprocedure,ii)thehypothesisontheparam eterizationofthedoubledierential
cross-section and iii)theresidualcom binatorialbackground.
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Figure 5.Transversem assspectraofstrangeparticlesforthem ostcentral53% ofthe
Pb{Pb inelastic cross-section. The superim posed exponentialfunctions have inverse
slopesequalto the Tapp valuesobtained from the m axim um likelihood ts.
Table 3. Inverse slope param eter Tapp (M eV) of the strange particles in the full
centrality range(0{53% ).Thersterrorisstatistical,the second onesystem atic.
K 0S  







228 12 23 308 63 31 368 120 40
Theand distributionshavevery sim ilarinverseslopes,agreeingwithin 2% x.A
sim ilarbaryon{anti-baryon sym m etry wasreported attop SPS energy forcentraland
x Thesystem aticerrorsdo notplay a rolein such a com parison sincethey essentially canceloutin the
ratio ofthe spectra. The only dierentcontribution which can be envisaged arisesfrom the dierent
residualbackground.Thishasbeen estim ated to aectby lessthan 1.5% theinverseslopeofthe,as
m entioned before.
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sem i-centralPb{Pb collisionsforand [14].Thesim ilarity ofbaryon and anti-baryon
m T slopesisinterpreted assuggestive thatstrange baryonsand anti-baryonswould be
produced and evolve in thecollision dynam icsby sim ilarm echanism s.Based on the
and  resultspresented above,a sim ilarconclusion can beextended to the40 A GeV/c
collisions.Thelargestatisticalerrorsassociated to the
+
m T distribution preventany
such conclusion forthism ulti-strangebaryon.
In the hydro-dynam icalview,the apparent tem perature depends on m Tk. At a














W ith som e approxim ations, this expression sim plies for two asym ptotic cases: at




2 [13,20], where T is the
freeze-outtem perature and h? iistheaverage transverse ow velocity;athigh pt,i.e.







Therefore, the apparent tem perature actually depends on the m T range where the
1=m TdN =dm T distribution has been tted to an exponentialfunction. Nevertheless,
provided thatthespectra arem easured atinterm ediatepT oversim ilarm T  m 0 ranges,
the inverse slopes should follow a hierarchy with the rest m ass ofthe particles. The
apparent tem perature ofthe   hyperon is found to be sm aller than those ofthe 
and  particles,and ofthe sam e orderasthatofthe K 0S m eson.A sim ilar\violation"
ofthe m asshierarchy wasreported forthetriply-strange 
 particle by the W A97 [21],
NA57 [14]and NA49 [22]experim entsat158 A GeV/c,and wasinterpreted [23]asan
indication ofan earlierdecoupling ofthatparticle from the expanding reball. In the
nextsection weshalldiscussin m oredetailsthepossibility ofa sim ilareectforthe  
at40 A GeV/c.
Figure 6 shows a com parison ofthe inverse slopes m easured at the two energies
plotted as a function ofthe particle rest m ass. The inverse slopes are lower atlower
energy by about7% fornon-strangeand singly-strangeparticlesand about20% forthe
m ulti-strangeones.
4.1.Centrality dependence
The transverse m ass spectra m easured in the individualcentrality classes oftable 1
are shown in gure 7 for K 0S,, and 




collected statisticsdonotallow tostudythecentralitydependence.M axim um likelihood
exponentialts are superim posed to the spectra, as in gure 5. The inverse slope
param etersTapp aregiven in table4 asa function ofcentrality.
k In thisview,thegraphicalinterpretation ofTapp would betheinverseofthetangentto theinvariant
1=m TdN =dm T distribution.See reference[14]fora detailed discussion.














































Figure 6.Apparenttem peratureasafunction oftheparticlerestm assin Pb{Pb at40
A G eV/c(closed sym bols,in blueon-line)ascom pared to158A G eV/c(open sym bols,
in red).NA49 resultsfornegativepions[8]and m ulti-strangehyperons[24,22,25]are
alsoshown (squares).Fordisplay purposetheordinatescalehasbeen zero-suppressed.
Table 4. Inverse slopes (M eV) ofthe m T distributions ofK
0
S
,, and    as a
function ofcentrality at40 A G eV/c. O nly statisticalerrorsare shown. System atic
errorsareestim ated to be 10% forallcentralities.
0 1 2 3 4
K 0
S
194 12 216 7 209 5 219 6 209 7
 208 12 255 9 264 7 260 7 279 9
 186 17 248 12 257 11 303 15 276 16
  235 67 230 30 255 26 222 20 206 22
An increase ofthe apparent tem perature when going from class 0 to class 1 is
observed for the singly-strange particles. Then,from class 1 to 4,the inverse slopes
ofthese particles rem ain approxim ately constant. The baryon{anti-baryon sym m etry
in the shape ofthe spectra discussed above for the  hyperon is preserved also as a
function ofcentrality.
No centrality dependence is observed within the errors for the   hyperon.
Rem arkably, the apparent tem perature of the   hyperon is below those of  and
 and com patible with that ofthe light K 0S m eson for allcentrality classes apart for
class0 wherethem asshierarchy appearsto bereestablished.


























































































































Figure 7. Transverse m assspectra ofK 0
S
,, and    in Pb{Pb collisionsat40 A
G eV/c forthe ve centrality classesoftable 1. Foreach species,class4 isdisplayed
upperm ostand class0 lowerm ost.Thespectra ofclass2,3 and 4 havebeen scaled by
factor2,10 and 100,respectively,fordisplay purposes.
5. B last-w ave description ofthe spectra
In thissection weem ploy thestatisticalhadronization m odelofreference[13],which has
provided a good description ofthe 158 A GeV/c results[14,19],to study the strange
particle m T spectra discussed above. The m odelassum esthatparticlesdecouple from
a system in localtherm alequilibrium with a tem perature T,and which expandsboth
longitudinally and in thetransversedirection;thelongitudinalexpansion istaken to be
boost-invariantand thetransverseexpansion isdened in term sofa transversevelocity
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where (r) = tanh  1? (r) is a transverse boost, K 1 and I0 are m odied Bessel
functions,R G isthetransverse geom etricradiusofthesourceatfreeze-outand A j isa







r R G (7)
The num ericalvalue ofR G does not inuence the shape ofthe spectra but just the
absolutenorm alization (i.e.theconstantA j).The param eterswhich can beextracted
from the t ofequation 6 to the experim entalspectra are thus the therm alfreeze-
out tem perature T and the surface transverse ow velocity S. Assum ing a uniform





Equation 6,which isobtained byintegratingtheCooper{Fryeinvariantdistribution
function [26]overtherapidity ofuid elem ents()up to a m axim um longitudinalow
max [13],isagoodapproxim ation ofafullhydro-dynam icalcalculation forsm allrapidity
windows about m id-rapidity. W hen such a hypothesis is not fullled, a num erical
integration should be perform ed which, however, requires a prioriknowledge ofthe
m axim um longitudinalow{.Thesm allerthevaluesofthelongitudinalow,thelarger
the deviationsfrom equation 6.In orderto estim ate the m axim um biasintroduced by
thisapproxim ation,wehaveperform edtheintegrationbyassum ingthatthelongitudinal
ow has the sam e strength as the transverse one,whereas the collective expansion is
expected to bestrongerin thelongitudinaldirection dueto theincom plete stopping of
theincom ing nucleons.Both freeze-outparam etersT and h? iarefound to besm aller
by 2% when thefullintegration isperform ed.
5.1.Globaltwith dierentproles
The resultofthe globaltofequation 6 with a linearprole hypothesis(i.e.with the
exponentn = 1in equation 7)tothedatapointsofallm easured strangeparticlespectra
isshown in gure8 (leftpanel)fortheeventsam plecorresponding to them ostcentral
53% oftheinelasticPb{Pb cross-section;thetyieldsthefollowing valuesforthetwo
param etersT and h? i:
T = 118 5(stat)
+ 11
  10




with 2=ndf= 77=40. A large contribution to the 2 com es from the  spectra: the
possibility ofan early freeze-outofm ulti-strangeparticlesisdiscussed below.
The T and h? i param eters are statistically anti-correlated,ascan be seen from
the condence levelcontourshown in gure 8 (rightpanel). The system atic errorson
T and h? iareinstead correlated.
Theresultsofthetswith dierentprolehypothesesaregiven intable5.Contrary
tothe158A GeV/ccase[14],wheretheuseofthethreeprolesn=0,1/2and1resultsin
{ The max can be derived from a tto the dN =dy distributionsasshown,e.g.,in reference[19].
























































Figure 8.Left:blast-wavetsto the transversem assspectra ofstrangeparticlesfor
the m ostcentral53% ofthe Pb{Pb inelasticcross-section at40 A G eV/c.
Right: contour plots in the T{h? i plane atthe 1 condence levelas com pared to
the resultat158 A G eV/c[14]in the sam ecentrality range.
Table 5.Resultsoftheblast-wavem odeltusingdierenttransversevelocityproles.
The quoted errorsare statistical. The system atic errorson the tem perature and on
thevelocity areestim ated to beabout11% and 4% ,respectively,forallfourproles.
n = 0 n = 1=2 n = 1 n = 2
T (M eV) 125 4 121 4 118 5 135 10
h? i 0:434 0:011 0:422 0:011 0:392 0:010 0:302 0:016
2=ndf 41=40 51=40 77=40 167=40
equally welldescribed spectra+ with sim ilarvaluesofthefreeze-outtem peratureand of
theaveragetransverseow velocity,atthisenergythequalityofthetisbestwith n = 0
and graduallyworsensastheexponentn isincreased.Sincethecasen = 0isunphysical,
the choice n = 1=2,which hasalso been suggested to be a good approxim ation ofthe
fullhydro-dynam icalcalculation [27],appears to be favoured. However,for the sake
ofcom parison with the higher energy results,in the following a linear (n = 1)radial
dependence ofthetransverse ow velocity isused.
The 1 contour plot in the freeze-out param eter space is com pared to the 158
A GeV/c result [14]in the right-hand panelofgure 8. A lower therm alfreeze-out
tem peratureism easured atthelowerbeam energy,whilethetransverse ow velocities
arefound to becom patiblewithin theerrors.
+ The prolen = 2 wasinstead disfavoured by data.
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5.2.Particleswith/withoutquarksin com m on with the nucleon.
Since the particleswhich share valence quarkswith the nucleonsm ay have a dierent
behaviourfrom which do not,we have perform ed separate tsforthe particlesofthe
two groups. Results ofseparate blast-wave ts are given in table 6. The freeze-out
Table 6.Therm alfreeze-outtem perature and averagetransverseow velocity in the
fullcentrality range.The rsterrorisstatistical,the second one system atic.
particles T (M eV) h? i 
2=ndf
K 0S,,







80 22 11 0:45 0:03 0:02 14:8=17
conditionsforthetwogroupsofparticlesarecom patiblewithin 2.Sincetheinteraction
cross-sectionsfortheparticlesofthetwo groupsareexpected to bevery dierent,this
ndingwould suggestlim ited im portanceofnalstateinteractions(i.e.arapid therm al
freeze-out)and sim ilarproduction m echanism sforthetwo groups.A sim ilarconclusion
hasalso been drawn at158 A GeV/c[14],where thefreeze-outparam etersforthetwo
groupsagreewithin 1.
5.3.Earlierfreeze-outofm ulti-strange particles?
Athigherenergiesithasbeen argued thatm ulti-strangebaryonsm ay undergoan earlier
freeze-out than other particles: at top SPS energy this scenario has been suggested
based on the 
 spectra m easurem ents ofthe W A97 [21],NA57 [14]and NA49 [22]
Collaborations.AtRHIC,resultsfrom theSTAR Collaboration [28]suggestthatthe
particlesfreezesoutearlierthan ,K,p and .
The 1 contours ofthe separate blast-wave ts for singly and m ultiply-strange
particlesare shown in the left-hand panelofgure 9. The plotseem sto indicate that
the  hyperon,which statisticallydom inatesthem ultiply-strangeparticlet,m ayhave
a dierent therm alfreeze-out behaviour from K 0S, and . However,due to the low
statistics,itisnotpossible to extractsignicantvaluesforboth freeze-outparam eters
from the   spectrum alone. The possibility ofa deviation forthe   hyperon from
thefreeze-outsystem aticsextracted from thecom bined tto the K 0S, and  spectra
can bebetterinferred from theintegrated inform ation ofthe  spectrum ,i.e.from its
inverseslope.In gure9 (rightpanel)weplota com pilation ofdata on them T inverse
slopes m easured in Pb{Pb collisions at 40 A GeV/c,superim posed to the blast-wave
m odelresults. The fulllines represent the inverse slope one would obtain by tting
an exponentialto a \blast{like" 1=m TdN =dm T distribution (i.e. to equation 6) for a
generic particle ofm assm 0,in the com m on range0:05 < m T   m 0 < 1:50 GeV/c
2,for
 TheNA49 resultsaretaken from thefollowing references:  ,K + and K   from [8];p and deuteron
from [29]; and  from [9]; from [30];   from [24]and 
 from [22]. The CERES inverse slopes,
which aretaken from reference[31],areshown fornegativehadrons,netproton and .
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two dierentfreeze-outconditions.Therstcorrespondsto theparam etersofthebest
t to the singly-strange particles (T = 115 M eV ,h? i = 0:40),the second to those
ofthe m ultiply-strange ones(T = 170 M eV,h? i= 0:24).Since the inverse slope isa
function ofthe m T   m 0 range where the tisperform ed,we have also com puted the
blast-waveinverseslopesofK 0S, and  spectra in them T  m 0 rangesofNA57 (closed
circles). The m easured valuesofthe inverse slope ofthe m ulti-strange baryonsappear
to deviatesignicantly from thetrend oftheotherstrangeparticles.
5.4.Centrality dependence
The hydro-dynam ical description of observables related to collective dynam ics, e.g.
the elliptic ow,is strongly inuenced by the freeze-out tem perature. It is therefore
im portantto determ inehow thetherm alfreeze-outconditionsm ay changewith respect
to theinitialcollision geom etry.
The centrality dependence of the freeze-out param eters at 158 A GeV/c beam
m om entum can besum m arized asfollows:them orecentralthecollisionsthelargerthe
transverse collective ow and the lower the naltherm alfreeze-out tem perature [14],
thedependence being m orepronounced fortheow.A sim ilarbehaviourwasreported
atRHIC by the PHENIX [32],STAR [28]and BRAHM S [33]Collaborations. Higher
freeze-outtem peraturesform ore peripheralcollisionsm ay be interpreted asthe result
ofearlierdecoupling oftheexpanding system .
In gure10 weshow the1 condencelevelcontoursforeach ofthevecentrality












































































Figure 9.Left:thetherm alfreeze-outtem peratureversustheaveragetransverseow
velocity forblast-wavetsusing a linear(n = 1)velocity prole.The1 contoursare
shown,with the m arkersindicating the optim altlocations.Right:prediction ofthe
blast-wavem odelforinverseslopes(see textfordetails).






















Figure 10.The 1 condencelevelcontoursfrom tsin each centrality class.
decreases steadily,as also observed at higher energies. The freeze-out tem perature is
roughly constantwithin the errorsatthe value T  110 10 M eV forthe three m ost
centralclasses(i.e.forthem ostcentral23% oftheinleasticPb{Pb cross-section).
6. C onclusions
W ehaveanalyzed thetransversem assspectraof,   ,
  hyperons,theiranti-particles
and K 0S m esonsin Pb{Pb collisionsat40 A GeV/cbeam m om entum overa centrality
rangecorresponding to them ostcentral53% ofthePb{Pb inelasticcross-section.
Theinverse slopesoftheseparticlesarefound to belowerthan thosem easured at
158 A GeV/c beam m om entum . Asa function ofcentrality,the inverse slopes ofthe
singly-strangeparticlesincreasesignicantly when going from them ostperipheralclass
to thenextone;forthem orecentralclasses,a weak increasewith centrality cannotbe





ofthecentrality dueto thelim ited statistics.
Particle and anti-particle inverse slopes are com patible within the errors; in
particular,the inverse slopes of and  hyperons are the sam e within 5% over the
covered centrality range,thussuggesting thatstrangebaryonsand anti-baryonsm ay be
produced and evolve in thecollision dynam icsby sim ilarm echanism s.
Theinverse slopeofthe  hyperonssignicantly deviatesfrom thegeneraltrend
ofvaluesincreasing with theparticlerestm ass,asobserved fornon-strangeand singly-
strangeparticles.
The analysis ofthe transverse m ass spectra in the fram ework ofthe blast-wave
m odel suggests that after a central collision the system expands with an average
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transverseow velocity ofabout40% ofthespeed oflightand then itfreezesoutwhen
the tem perature isofthe orderof110 M eV.The m easured transverse ow velocity is
com patiblewith thatm easured at158A GeV/cbutthefreeze-outtem peratureislower
atlow energy. The inverse slope ofthe   hyperon deviatesfrom the value predicted
by the blast-wave m odeltuned on singly-strange particles (K 0S,  and ). Finally,
the resultson the centrality dependence ofthe expansion dynam icsindicate thatwith
increasing centrality the transverse ow velocity increases steadily and the freeze-out
tem peraturedecreaseswhen going from class1 (23{40% )to them orecentralclasses.
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